Intracerebral injection of AMPA causes axonal damage in vivo.
Brain injury following acute and chronic neurological conditions can involve both neuronal perikaryal and axonal damage, yet considerably less is known about the mechanisms of axonal damage. Oligodendrocytes and myelin are highly vulnerable to AMPA receptor-mediated excitotoxicity. In vitro studies using isolated white matter preparations have shown that AMPA receptor-mediated excitotoxicity results in axonal damage. The effect of AMPA on axons in vivo remains to be determined. We established an in vivo model to determine if axons were vulnerable to AMPA-mediated toxicity, and furthermore, to examine if axonal damage occurred through an AMPA receptor-mediated mechanism. Adult rats received stereotaxic injection of AMPA (2.5 or 25 nmol) or vehicle (PBS) into the external capsule. Axonal damage was detected in the external capsule and cortex in sections immunostained for cytoskeletal components microtubule associated protein-5 (MAP 5), the 200 kDa neurofilament subunit (NF 200) and non-phosphorylated neurofilament-H (SMI 32). Quantification of axonal damage in the external capsule of MAP 5-immunostained sections showed that AMPA caused a significant, dose-dependent increase in axonal damage compared to the vehicle-treated controls. AMPA also induced a dose-dependent increase in myelin and neuronal perikaryal damage. Systemic administration of the AMPA receptor antagonist SPD 502 significantly reduced the amount of AMPA-induced axonal, myelin and neuronal damage. These data suggest that AMPA induces structural damage to the cytoskeleton of axons in vivo, as well as neuronal and myelin damage, and that this occurs through AMPA receptor-mediated mechanisms. AMPA receptor antagonism may have therapeutic potential to salvage both axons and neuronal perikarya in a number of neurological disorders.